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REPORT QF VEB AUTENNA FOR
MEW

This report has two aims. First we have an eatimate of the factors
which at present appear to us to enter most critically in the design
problem, Secondly we have ineluded a summary of the work to date since
our last formal report, in which we recorded data on L-shaped counling
probes by means of whieh the dipoles can be made to rresent a non-reactive
load to the waveguide feeding the array. iie indicated then our intention
to investigate methods for increasing the eguivalent shunt resistance pre-
gented by a dipole and its probe to the guide, so as to allow kg/z spacing
of the dipoles, This exploratory work in the course of which much experi=-
mental information has been recorded, will not be reported in deteil there,
e hope that the sumnmary of the lines of investigation will be adeguate as
& gulde to the detuiled informetion which can be supplied omn rejuest.

I. SUMMARY OF EXFERIGENTAL INVESTIG,.TICN:

In the earlier part of the work, the standing wave method was used
to measure the ecuivelent shunt impedance of the radiating elements, As
it was desired to have the resistance as high as possible and the reactance
as nearly as possible zero, we were forced ultimately to give up that
technigue for the determinstion of reactance and to use a phase meter in-
stead. (See 4 below).

1, L-Shaped Frohes

a, The eguivalent circuit of the dipeole + feeder probe in the
guide regarded as a transmission line shown in Figure 1l{a) is given in
Figure 1{b},

o
H

L

impedance due to the dipole + that part of the probe outside
the guide.
“ﬂ = capacitive rezctance due to the vertical probve BC inside

the guide,

]

&

p the inductive reactance due to the horizontal part 4iB
of the probe,
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Fiq. (=) Fig. 1 (b)

.& heve tested this picture by terminsting the guide In three
different w#ays and measuring the ecuivalent impedsznce, By means of a
plunger, > was (1) short-circuited znd (ii) open circuited and (iii) a



SZCRET
PRE-93  Page 2

iF

matched termination was used. The results showed that there is no stme
element rejuired in the equivalent line,

&

b, Provided that the probe 4B is not too close to DC (Figure
1(a}) it is possible to determine Zp+ 4 yby supporting an L of size
#BC by means of a thin polystyrene disc inserted in the hole in the top
of the guide, and to predict the resulting shunt impedance of different
dipole~probe combinations, ©Once antennas of very smsll resctance have
been found and the reactance of .BC hss been annulled by proper adjust~
ment of its size under conditions wiere the resistance is negligible, it
i1g possible to obtain a good reactunce balance for the combination dipole
probe,

2, Reduction in P4llar Height as a méﬁas of incressing
ghunt resistcnce w

L

+

Meagurements of eguivalent { and R have been obtained with various

pillar heights down to 1,5 mm, for different lengths of dipole., X ig a
function of both pillar height and length of dipole and st low piller
heights great precision is regquired to securs a low resctamnce, One is
led to the conclusion that, om this ground alone, this method of increas-

ing equivalent shunt resistance is not a suitable one. This investigmtion

was carried through in considerable detzil,

3. Other Shapes of Frobes

The shape shown in Figure 2{a} I
was tried with the idea that the l Al
voltages in the two vertical parts i A l
i i

of the probe would oppose sach other

L

|
||

thus increasing the resistance, while Fiq_ R{a) Fig 2 (b)

the horizontal pert would be kept away
from the hole in the top of the guide thus reducing the mutual coupling
between the dipole and the horizontal probe in the guide. Actuslly there
was found greater shunting of the guide. The eguivalent circuit for this
probe is shown in Figure 3 in which the condensers Cl and (vid rerresent
the shunting effect of the vertical T

= "

portion AAY, e
LT

il
Fiq.3
Since mechanical condiderations do not sllow great reduction
in the diameter of the dipole, the only method left to us was to place
the vertical probe in & weazker field, hence a probe of the shape shown
in Figure 2(b} was tried, This did increase the resistance considerably
put reactance balance was not easy,
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4, Reactance Measurement when the shunt impedance hag
a large registance component

At this stage it becane essentisl to seek a new method of
reactance mesasurement. An exploring antenna was fixed outside the guide
at about a wavelength from the dipole and parallel to it., The energy
picked up was fed through a coaxial line {which could be accurately varied
in length) to the rhumbatron~mixer of the phase meter =zlready described
by us. The signel used for comparison wes teken from the maxirum in the
standing wave pattern in the guide between the shunt being measured and
the oseillator. Complete tests have convinced us that the method is
reliable; the interference with the guide-dinole system at both points of
coupling is smell, On the other hand, the full sensitivity of the detector
is required for measurements of phase angle to the nesrest 5 degrees,
when the source is a #8100 klystron mestched to the guide.

5, Teed through the side of t=guide

In order to bring the coupling probe to a position of weak electric
field in the guide and yet retain 4 c¢cm. dipoles with their centres in &
straight line perallel to the guide, it was decided to feed from a hole
in the side of the guide as showm in Figure 4. With a dipble of the type
¥.I.7. Radiation Leb, Drawing Ho.

£1197 of 8-14-42, (fed thirough A, |

coaxial line), we have observed |

an eguivalent shunt impedance of 0 “ F"q +
as high as 30 times the gulde |

impedance, A8 AB is increased
in length the guide is nore heavily shunted and likewise if B is moved
towards the centre of the guide,

The phase of excitatlion can be reversed by inverting AB,

6, Radiation Putierns of single end-fed dipoles
exclted from the gulde

These patterns have been measured both for the desired and unwanted
polarisations, With 4 cm. dipoles fed 1,7 em, from the centre, and of
pillar height less than 1 em. the exposed piece of feeder rrobe is gore
effective as a radlator than the dipole 1ltself, and even at greater plllar
heights the field component polarised perpendicular to the dipole and to
the surface of the guide is sufficiently strong to mresent e very serious
difficulty to be overcome in feedlng an array of these dipoles, for as we
neve mlready pointed out the dipoles should be execited fram the insgide of
the guide only. The coaxlal line supported dipole does not suffer from
thisg disabllity but mechanically it 1s regarded as unsatisfactory because
polystyrene supports are used, We believe that the split type dipole
{3ritish or M,I.T. patterns) will be found to suffer from excessive &

#ere unwerted polarisation, e have just completed a geries of msasurenents
ir which were varied, the positions of the feed-point, antenna length and
rillar height of the "end-fed" dipoles, and have concluded that these
dizoles are unsuitable as radiating elements in a long array. A minimum

of radiation in the unwanted polarisation relative to the desired polarisa-
tion was observed as the feed point was displaced to the centre but this
ninimur was still too large. #e have therefore to desigr a rew type of
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radiating elenent. The two following proposals have been considered:

(i) coaxial line fed dipoles, the central conductor being stub-supnorted,
the T-join being "hidden™ by means of & reflecting sheet snd (ii) & slot
terminating a waveguide of shorit length coupled to the main feeding
guide, On account of its great simplicity we have embarked first on the
study of {(ii) as shown in Figure 5,

LT Sel
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I, CONCLUSIONS R DIFQLE /XD AVEGUIDE FEID

Qur memgurements have brought into sharp focus the following
pointsi-

1, The mein difficulty to be overcome in the design of the
dipole {(or other radiating element} is to secure mechanical
robustnega ana &t the =mame time achieve at least s sood
approximetion to the desired elsctrical performance, The
feed should be as "flat" as poasible so ag to eliminate re-
actance at its source, The high resistance regquired for each
feed polint in a long array is toc be secured by feeding from
o plaze of weax electric Tield in the guide, ERadiation in
the unwanted polarisation is likely to be excessive from any
exposed feeder probe: +this spoils both the radiztion pettern
and makes the correct feeding of a long array difficult if not
imposgsidble,

2, 4 gimple procedure has been found for controlling the egui-
velent shunt resistance and reactance due to the probe itself
and for reversing the thase of slternste radiators without
changing their aspect with respect to the outside of the guide,
The requirements on the degree of transverse pattern symmeiry
are therefore not nearly so severe us when alternate radiastors
are reversed,

III, 'GLBLING' OF T8 ARRAY AND FRULUSHCY SENSITIVITY OF SRRAYS

W@ have made calculations - Fourier analyses and theoretical radia=-
tion patterns - based on the method of .Jolff (P.I.R.E. 1937} for the
design of a 41 = 45 element array, and have considered the possibility
of feeding the array at its centre as well as at its end, e have chogen
the gabling function with tiwe object of securing as narrow & beam as is
possible without permitting side lobes exceeding 1.0% &n energy. :ith
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B\ spacing of the 45 elements we calculate that it should be possible to
obtain a main beam of 2.0% with side lobes below the sbove figure, The
figure of merit of the array is 1,23: it should be comparsed with data

at present avallable on microwave arrays,

de sugegest that in tlie design of microwave arrays too little
attention has been paid to the effective use of the length of the arrey in
assessing their performance, If o is the full width of the main beam at
half-field strength and L is the length of the array, the numbersl L, which
A

might be called the figure of werit of the array should be kept as smell
as consistent with the allowed size of side lobes, In this way one can
eagily judge whether or not the elements at the ends of the array will
play their full part instead of contributing merely a small amount of
egnergy for the purpose or suppressing side lobes., On the basis of ortical
rrinciples they ought really to coutribute to the sharpness of the main
bean,

In long arrays the mein factor limiting the range of frequency
variation that can be tolerated in practice is the small permissible
variation in phase betwsen the ends of the array, in order to allow the
array to be fed properly, The longer the array the more rrecisely must the
frequency be fixed, TFor example in a 32-foot srray of 12C cophased
elements spaced 0.8\ = Ag/2 at i\ = 10 cm, if the variation in thase be-
tween the enda of the array is to be kept less than 435¢, the frequency
must not vary by more thanm 1 part in B x 60 = 480, The corresponding
varistion 1a the direction of the main beam will be about 1/12°, which is
of no practical significance.

.4, Guptill
Ottawse ¥ ,R,., Terroux
24=2=43 WL, Watson




